In 2010, the United States (U.S.) Department of Education Institute for Education Sciences (IES) embarked on a large-scale and rigorous initiative aimed at improving reading comprehension for all students. This investment, *Reading for Understanding* (RFU; see Douglas and Albro, [@B12], for complete details), is one of the nation\'s largest initiatives of its kind and is in response to evidence of continued poor academic performance among American children on such indicators as the National Assessment of Educational Progress (NAEP). For example, recent NAEP data revealed that 33% of fourth-grade children and 25% of eighth-grade children cannot read at the basic level and consequently cannot understand what they read (IES, [@B20]). In response to the IES initiative, four core projects were charged with: (1) identifying underlying processes related to reading comprehension that are malleable and thus present reasonable targets for intervention and (2) developing and evaluating interventions based on these malleable processes. The purpose of this descriptive paper is to provide a methodological overview of the conceptual framework, research questions, research design, measures, and data processing for one of the four core projects within RFU, the Language and Reading Research Consortium (LARRC), which focuses on early childhood, defined for our purposes as preschool (PK) through grade 3 (G3). Specifically, the LARRC multi-site longitudinal study sought to rigorously investigate the contribution and role of higher- and lower-level language skills to the development of children\'s listening and reading comprehension.

Although there has been some effort made by research teams to share their design challenges and lessons learned during implementation of complex research studies (e.g., Wagner et al., [@B52]), design details and recommendations are often difficult to locate outside of the brief methods sections typically available in published manuscripts. Consequently, one goal of the present paper is to contribute to the literature by describing the complexities of large-scale and multi-site research projects. Similar to recent reports (McDonald et al., [@B32]; Rudd and Johnson, [@B44]; Ong-Dean et al., [@B37]), a second goal of this paper is to outline methodological "lessons learned" during the process of executing a rigorous longitudinal investigation. Specifically, we have presented 10 steps that can be taken to carefully design and coordinate this large project. Table [1](#T1){ref-type="table"} provides a list of these 10 steps. In detailing these steps, we hope not only to respond to calls for transparent disclosure of large-scale, multi-site research protocols (Sterba et al., [@B49]) but also provide information to assist in the planning and execution of future studies similar in complexity.

###### 

**Ten steps for completing a longitudinal investigation**.

  **Step number**   **Step title**
  ----------------- ------------------------------------------------------------------------------
  1                 Build a collaborative team and set a long-term plan
  2                 Develop a strong theoretical framework to support research questions
  3                 Design a comprehensive study which maps onto study aims
  4                 Determine the sample and develop a recruitment plan
  5                 Select and/or Develop measures
  6                 Train assessors and develop data collection procedures
  7                 Commence data collection
  8                 Develop a plan and team for data scoring
  9                 Develop and implement a strong plan for data management
  10                Prepare for frequent and thorough communication, flexibility, and challenges

Step one: Build a collaborative team and set a long-term plan {#s1}
=============================================================

In order to build a multi-site longitudinal study, we created a team that would appropriately support our goal of investigating listening and reading comprehension in PK to G3. To that end, LARRC is a multi-university network of interdisciplinary researchers located at four universities across the United States (Arizona State University \[ASU\], the Ohio State University \[OSU\], University of Kansas \[KU\], and University of Nebraska-Lincoln \[UNL[^1^](#fn0001){ref-type="fn"}\]) and also Lancaster University in the United Kingdom (Lancaster University participated in measure development, research design, and overall planning but not data collection). Collectively, LARRC researchers exhibit expertise in speech language pathology, developmental and experimental psychology, reading research, intervention design, professional development, and quantitative methodologies. Of this LARRC group, several scientists were the principal investigators at each site, whereas others served on LARRC review committees to advise and guide the team during measure development and selection and to ensure that all study plans adhered to rigorous data-driven methodology. Additionally, study implementation was supervised by the funding agency during quarterly RFU team meetings in Washington, DC (Douglas and Albro, [@B12]).

LARRC researchers developed a long-term plan for answering the call of the RFU initiative. Specifically, this plan included a collection of three studies, to be completed over the course of 5 years, moving toward the long-range goal of improving children\'s language abilities, background knowledge, and listening and reading comprehension. Study 1 was a longitudinal research study, described in detail in the remainder of this document, concerning the basic cognitive processes underlying reading comprehension and the development of reading comprehension from PK through G3 in English speaking children. The purpose of Study 2 was to define and develop two different instantiations of a language-based comprehension curriculum supplement for each of grades PK to G3. Study 3 involved efficacy trials of the language-based comprehension curriculum supplement through a randomized controlled trial for PK to G3. For all three studies, a companion Spanish-English bilingual study followed similar procedures. Studies 2, 3, and the companion bilingual study will not be discussed here (but see LARRC, in press for complete information on the bilingual companion study and Study 2). The current paper is a methodological review of LARRC Study 1, a multi-site, multi-cohort longitudinal investigation into the contribution and role of higher- and lower-level language skills to the development of English-speaking children\'s listening and reading comprehension.

Lessons learned
---------------

The varied experiences of the LARRC research team created a strong and diverse foundation upon which to build this study. Frequent communication, in the form of in-person, on-line, or teleconference, served as frequent opportunities to discuss the overall goal of this large project. Many team members held particular expertise without which the overall design could not have been achieved. For example, investigators not only held different content expertise that influenced the design (e.g., decisions to assess not only child factors but also home and classroom environments) but also held differing expertise in various designs and methods (e.g., longitudinal designs, cross-sectional designs, lab- and field-based data collection activities). We expand on how these lessons affected study design in Step 3.

Step two: Develop a strong theoretical framework to support research questions {#s2}
==============================================================================

Building on the aforementioned strengths of the multi-disciplinary team, we sought to focus our theoretical framework on specific content areas of each team member. Our theoretical framework emphasized language as a developmental construct central to our activities and to our focus on the language bases of reading comprehension. This framework built on prominent models of reading comprehension, all of which identify language as a critical contributing factor. For example, the Simple View of Reading (Gough and Tunmer, [@B17]; Hoover and Gough, [@B19]; see also Joshi and Aaron, [@B21], [@B22]) posits that skilled reading comprehension is the product of word decoding and listening comprehension. McCardle et al. ([@B31]) further discuss a model of reading development, which posits that both word recognition and language comprehension skills are essential for reading comprehension; knowledge of vocabulary, language structures, and verbal reasoning are also contributing language components. Additional work has expanded these theories to identify the particular importance of both higher-level (e.g., inferencing and integrating, comprehension monitoring, text structure knowledge) and lower-level (e.g., vocabulary, syntax, morphology) language in skilled listening and reading comprehension (Perfetti et al., [@B39]; Perfetti, [@B38]).

As a recent example of this expansion, models of reading proposed by Perfetti ([@B38]), Perfetti et al. ([@B39]) highlight the fundamental role of a well-organized lexicon with highly-specified representations of word forms and meanings. Such verbal efficiency, in terms of lower-level language, affords opportunities to engage higher-level language resources used to construct meaning from text. These higher-level skills are crucial for creating the mental models of text that allow for successful reading comprehension (see also McNamara and Magliano, [@B33], for review of other models of reading comprehension emphasizing higher-level skills).

Given that language skills make a substantial contribution to one\'s ability to read for meaning, LARRC researchers hypothesized that early interventions focused on the language bases of reading comprehension may have the greatest impact on future reading comprehension and also reduce risks for comprehension-specific reading difficulties. Considering our theoretical framework and this hypothesis, we chose a battery of assessments that would allow for comprehensive examination of language and reading skills in our longitudinal work. Our study design and comprehensive assessment battery supports critical examination of theoretically important higher- and lower-level language skills from early childhood, when children are not yet reading or just beginning to emerge as readers, to the period of time when children are able to read for meaning. Data from this longitudinal study will be used to test whether and how these specific component language contributions vary developmentally over time and how these trajectories may be influenced by individual, environmental, and classroom characteristics.

Lessons learned
---------------

We were fortunate to have a team of diverse researchers who were well-versed in the aforementioned theories. As such, each investigator was able to recommend assessment tools that would sensitively capture the constructs reflected in each complementary theory. Although this created a significant number of assessments to administer, it also created a rich dataset. This dataset has already been used to explore the relevant theories in question (Language and Reading Research Consortium (LARRC), [@B26],[@B27], in review; Murphy et al., [@B30]). However, to attempt to streamline assessment administration, some measures were ultimately omitted from the test batteries. For instance, measures of spelling or detailed orthographic knowledge were omitted but would have created a robust opportunity to deeply explore the Lexical Quality Hypothesis (Perfetti, [@B38]). Ultimately, our team felt strongly that we were robustly examining the constructs of interest and, certainly, we have substantial data to explore multiple theoretically driven questions.

Step three: Design a comprehensive study that maps onto study aims {#s3}
==================================================================

Once our theoretical framework was established, the LARRC team began to design a longitudinal study that would allow for a comprehensive examination of listening and reading comprehension skills in children PK-G3. Our approach to the research design and analysis process has been one of transparency and collaboration throughout, necessitated by our participation in the larger RFU network, the need to coordinate efforts among diverse researchers at geographically dispersed universities, and our desire to meet the highest standards of rigor and quality in educational research. With respect to the latter, the National Research Council ([@B35]) reported on six guiding principles that underlie scientific inquiry and contribute to significant advances in scientific knowledge. These include posing significant questions that can be empirically investigated, link research to relevant theory, use methods that allow direct investigation of the question, provide a coherent and explicit chain of reasoning, replicate across studies, and disclose research to professional scrutiny and critique.

Lessons learned
---------------

As we designed the longitudinal study, we learned a number of important lessons. First and foremost, and as will be echoed in Step 10, communication among investigators was key. When initially designing the study, investigators met face-to-face in full-day meetings to discuss research questions and options for addressing these. This face-to-face communication not only allowed for multiple design options to be vetted but also commenced relationship building among investigators that was foundational for the continued success of the project. Second, we found it critical to involve all investigators in the initial design phase. This obliged the team to consider a full range of design and data collection options, which we believe not only improved our final design but also set the tone for project collaboration, in that all investigators\' ideas and expertise were welcomed and respected. Finally, the inclusion of methodologists in all design conversations was imperative. Methodologists were involved as full team members, as opposed to consultants, for the entire duration of the project. This ensured that our design was appropriate for planned analyses from its inception and also helped alleviate potential methodological flaws as the project progressed.

Step four: Determine the sample and develop a recruitment plan {#s4}
==============================================================

The LARRC study features a complex sampling design, and we have aligned our sampling methods with established principles of high-quality scientific research (NRC, [@B35]). Despite the use of a non-probability sample, the composition of our sample spans PK through G3 and intentionally provides an appropriate model of the general U.S. population for these grades with some limitations as described below. We established cohorts at each grade, PK through G3, at four data collection sites (ASU, KU, OSU, and UNL). Separate approval was obtained from each of the sites\' Intuitional Review Board (IRB). Each cohort was followed and assessed annually until reaching G3. This multi-cohort longitudinal design affords both cross-sectional and longitudinal analyses (see Table [2](#T2){ref-type="table"} for a depiction of this process). With four data collection sites, consistency in sampling procedures was paramount. Our primary intent was to design a logistically feasible study with adequate power to detect the relations of interest; we also placed specific emphasis on retention of the longitudinal PK cohort, which would be followed for the entire study duration of 5 years. The multi-site cohort design supported our child enrollment goals in terms of representativeness of the U.S. PK to G3 population, allowed us to enroll and assess a large number of children in a very narrow time window, and accommodated natural variability in classrooms within- and between-schools. A-priori power analyses (with power ≥ 0.80) for the multiple cohort design and with adjustments for approximately 20% attrition (US Department of Education, Institute for Educational Sciences \[IES\], [@B51]) indicated a targeted sample size goal of 400 PK children and 120 children in each of K-G3 across all sites;[^2^](#fn0002){ref-type="fn"} these sample size goals included follow-up through the 5-year study period up to and including G3. At year 1, each data collection site was responsible for recruitment of one-fourth of the total child sample with corresponding retention goals for follow-up assessments in subsequent years. Table [2](#T2){ref-type="table"} provides the overall enrollment goals for the number of children assessed per year, by site and across all sites. To achieve these child enrollment goals, sites proceeded to first recruit local schools and teachers, and then recruit children from the classrooms of participating teachers.

###### 

**Targeted number of children assessed/followed per year, per site**.

  **GRADE**   **PK**         **K**         **G1**         **G2**         **G3**     ***N* (site)**   ***N* (total)**
  ----------- ---------- --- --------- --- ---------- --- ---------- --- ---------- ---------------- -----------------
  Year 1      PK = 100       K = 30        G1 = 30        G2 = 30        G3 = 30    220              880
  Year 2                     K = 100       G1 = 30    ↘   G2 = 30    ↘   G3 = 30    190              760
  Year 3                 ↘             ↘   G1 = 100       G2 = 30    ↘   G3 = 30    160              640
  Year 4                               ↘              ↘   G2 = 100       G3 = 30    130              520
  Year 5                                              ↘              ↘   G3 = 100   100              400
                                                                     ↘                               

*The number listed in the Year 1 row is the initial number of participants recruited per grade, per site. Following Year 1 diagonally per grade illustrates the number of participants who were followed longitudinally from the original sample (e.g., In Year 1, 100 preschoolers were recruited at each site and all 100 preschoolers will be followed longitudinally at each site for a total of 5 years). PK, preschool; K, kindergarten; G1, Grade 1; G2, Grade 2; G3, Grade 3. N (site) refers to the total number of children recruited per grade per site; N (total) refers to the total number of children recruited per grade across all sites*.

School and teacher recruitment
------------------------------

We did not place any restrictions on the number of schools to be recruited, or the number of teachers per school who would participate; sites managed their own recruitment processes such that a sufficient number of schools and teachers were recruited to obtain the necessary child enrollment. Generally, districts and schools were recruited prior to recruiting and consenting individual teachers. At each site, school districts and/or individual schools were selected primarily because of size and diversity of the student populations, as well as willingness to work with LARRC researchers. Several sites had previously established relationships with local school districts and were able to more quickly recruit based on these partnerships. Based on recommendations from district personnel, additional schools who had not previously partnered with the research teams were contacted and invited to participate.

Once permission was obtained from district and/or individual school leaders, all teachers in the relevant grades were invited to participate. Research staff or school personnel explained the study to classroom teachers via open or individual informational meetings and provided teacher consent packets detailing the study and the rights and responsibilities of researchers, teachers, students, and families. Teachers willing to (a) facilitate child recruitment in their classrooms, (b) complete questionnaires and child indirect assessments, and (c) participate in classroom observations were consented into year 1 of the study. In subsequent years, children matriculated into additional teachers\' classrooms. These teachers were similarly approached by research staff and consented. All participating teachers received incentives for their participation; these incentives were tied to the research activities performed and varied by site, in accordance with individual Internal Review Board and school district requirements.

Child recruitment
-----------------

In year 1, children were recruited from the classrooms of participating teachers. Teachers sent recruitment packets home with every child in their classrooms. These recruitment packets contained literature on LARRC, a caregiver permission form, a family screener questionnaire, and a return envelope. Caregivers could return the forms directly back to the teacher or mail them to the LARRC project. Teachers were also asked to complete brief screener questionnaires for all children who returned consent forms. This process was used until sites recruited up to 30 but no more than 50 consented children from each grade K-G3, and 110 PK consented children. Such over-recruiting was utilized to compensate for attrition through study withdraw or family mobility.

Research staff reviewed family screener and teacher screener questionnaires to ensure that consented children could appropriately participate in assessments selected for the general sample. This included being rated as understanding and speaking English fluently and not having severe or profound disabilities that greatly affected the child\'s classroom functioning. In addition, (a) PK children had to be expected to matriculate to K the following academic year, and (b) siblings and twins were excluded from the sample to the extent possible to reduce dependencies in the data (i.e., nesting in families as well as classrooms).

Child demographics
------------------

In the first year of the longitudinal study (baseline) we recruited a total of 915 children in grades PK through G3. Of these, 416 children were in PK, 128 children in K, 125 in G1, and 123 in each G2 and G3 (see Table [3](#T3){ref-type="table"} for demographic breakdown by grade).

###### 

**Selected Baseline (2010) child characteristic for the longitudinal study**.

  **Characteristic**                 **PK**       **K**        **G1**       **G2**       **G3**
  ---------------------------------- ------------ ------------ ------------ ------------ -----------
  *N*                                416          128          125          123          123
  Age in months                      60.8 (5.4)   72.6 (4.6)   85.0 (4.0)   96.6 (4.5)   109 (4.5)
  **INCOME (CATEGORICAL)**                                                               
  \% \< 30 K                         12.8         14.8         12.2         17.9         9.6
  \% 31 K \< 60 K                    25.3         18.8         23.5         17.1         20.9
  \% \> 60 K                         61.9         66.4         64.3         65.0         69.6
  \% female                          41.8         47.7         56.8         48.4         53.7
  \% white/Caucasian                 93.0         83.3         88.9         94.0         85.6
  %Hispanic/Latino                   6.7          16.1         6.9          8.7          5.1
  \% Free/Reduced lunch              14.6         21.8         15.5         25.6         16.4
  \% Individualized education plan   14.0         5.0          7.0          6.0          7.0
  \% English home language           97.6         100          98.3         96.6         95.7
  \% both parents live with child    84.6         83.3         77.0         71.8         75.2
  \% with mom ≤ HS/GED               13.5         15.2         11.1         11.2         9.6

*PK, preschool; K, kindergarten; G1, Grade 1; G2, Grade 2; G3, Grade 3. Income is in increments of 30,000 (i.e., 30 K). HS/GED, High School diploma or General Education Development test, which is an equivalent to high school diploma in the U.S*.

School and teacher demographics
-------------------------------

In our first (baseline) year, 69 schools and/or PK centers were recruited from partnering districts across the four data collection sites. Seventy-eight percent were drawn from suburban locations and 22% from urban locations. Of the 69 schools, 29 were PK-only schools/centers, four served PK and K, four served K only, and 32 were elementary schools. For year 1 teacher demographic information, please see Table [4](#T4){ref-type="table"}.

###### 

**Baseline teacher characteristics in the longitudinal study**.

  **Characteristic**             **PK**   **K**   **G1**   **G2**   **G3**
  ------------------------------ -------- ------- -------- -------- --------
  *N*                            86       50      43       37       41
  \% female                      98.8     98.0    95.2     97.1     97.6
  \% White/Caucasian             96.4     98.0    95.2     91.2     97.5
  \% Hispanic/Latino             1.2      0       4.8      5.9      0
  \% \< 5 years of experience    37.5     48.9    45.2     45.5     59.0
  \% Masters\' degree or above   35.8     59.1    57.5     73.5     72.5

*PK, preschool; K, kindergarten; G1, Grade 1; G2, Grade 2; G3, Grade 3*.

Across these 69 schools, 258 teachers participated in our study. The participating teachers were predominantly female (98.5%). For the 88 PK teachers, 70% reported that their school/center provided half-day programs only and 22.5% reported having both full- and half-day programs; the remainder were teachers in full-day only centers or schools. For the 49 K teachers, only 2.2% reported teaching in half-day programs, with another 2.2% indicating that their school/center supported both full- and half-day programs. For primary grades, we recruited 43 G1 teachers, 37 G2 teachers, and 41 G3 teachers.

Lessons learned
---------------

Four essential lessons were learned as we recruited our sample. First, the involvement of multiple sites was both beneficial and challenging. The largest benefit was the swift recruitment of almost 1000 children, which likely could not have been accomplished at a single site. At the same time, coordinating among multiple university IRBs was a challenge. Although we had initially intended to use the same wording on recruitment and consent documents, and also provide the same participant incentives across sites, this proved untenable given differences in IRB policies. The geographic locations of our sites (e.g., Kansas, Nebraska, Ohio) also resulted in a sample that was less racially and ethnically diverse than the general U.S. population. Second, we learned the importance of personal relationships when conducting field-based research in schools. Our quick recruitment was greatly aided by the relationships that research teams had previously established with local school personnel. We found it considerably more challenging to gain access in schools where we had no such relationships. In these cases, we found that it often helped if (a) an introduction with the district or building administrator could be arranged by other school-based professionals with whom the research team already had a relationship (e.g., one principal providing an introduction to another), (b) initial meetings were face-to-face rather than via phone or email, and (c) emphasis was placed on the project as a team effort, in terms of the potential benefits for the school partner, flexibility within the prescribed parameters of the research project (e.g., scheduling assessments so as not to conflict with standardized testing or other important dates), and willingness to share and interpret findings. Notably, without personal relationships already established, it was particularly difficult to gain access to those schools serving children at risk for academic difficulties (e.g., due to socioeconomic disadvantage), with research participation understandably not of the highest priority. Third, we learned that willingness to participate in the project shifted over time. This occurred in two key ways. The first was due to the timing of grant submission vs. actual implementation. We had recruited many partnering schools when the grant was initially submitted, to ensure that the project was feasible and to provide required letters of support with the proposal. However, given the span of time until the project was awarded, circumstances for some of these schools had changed such that they were no longer able to participate and new schools had to be recruited. The second shift in willingness to participate was due to the longitudinal design. Because we followed children as they matriculated from grade to grade, teachers in subsequent grades were not necessarily those who had initially "bought in" to the research project. These teachers were often less willing to consent to research activities and alternative arrangements were made (e.g., assessing children outside the school day, not conducting videotaped classroom observations). Fourth, we learned the need to devote sufficient resources for recruitment and retention beyond the initial year of the study. As noted above, although new children were not recruited in subsequent years, new teachers needed to be consented as children matriculated into their classrooms. This was best accomplished when research team members were able to once again make personal visits to schools to share information about the project. Moreover, children needed to be tracked as they moved into not only different classrooms but often different schools, particularly those who began participation during their PK year. This involved substantial time and effort on the part of research staff, to contact parents and school personnel and locate children in the weeks preceding each new school year. In addition, substantial resources were devoted to preventing attrition. This included having a well-maintained project website, periodically requesting updated contact information from parents, sending project emails and newsletters to participants, regularly collecting feedback from parents and school personnel, and mailing thank you and birthday cards to participants.

Step five: Select and/or develop measures {#s5}
=========================================

Our theoretical model and hypotheses regarding the relations between language and reading comprehension guided our measures selection, in addition to other important considerations. Measures had to be appropriate for the age- and grade-range of participating children, with measures assessing each construct from the LARRC theoretical framework included at each grade level. Preference was afforded to measures that spanned PK through G3, in order to maintain consistency, continuity, and equivalency in scores, which in turn, allowed us to examine developmental change over time (i.e., compare language and literacy skills across grades/ages). This principle proved easier to apply for some constructs (e.g., vocabulary) than others (e.g., comprehension monitoring), and some measures (a) had to be modified for use with younger children, (b) could only be administered to children in particular grades, and (c) had to be created specifically for this project, as no established measures existed. Preference was also afforded to measures with established psychometrics. In many cases, use of established measures provided some information allowing comparison to a U.S. normative sample via standard scores or percentile ranks, enhancing generalizability. Measure relevance and administration time also had to be balanced. Finally, we were keen to include multiple measures of key constructs, to afford creation of latent variables and control for measurement error often associated with examination of complex cognitive abilities (Kline, [@B24]). We considered this particularly important for the measurement of comprehension, as research suggests that reading comprehension measurement may be influenced by different assessment modalities and variability in task demands (e.g., Cutting and Scarborough, [@B11]). Ultimately, the LARRC assessment battery comprised measures in three broad categories: (a) direct measures, (b) indirect measures, and (c) observational measures. Details concerning the measures are presented in Table [5](#T5){ref-type="table"}.

###### 

**Measures by construct**.

  **Measure**                                                            **Generalizable/Experimental**   **Direct/Indirect/Observational**   **Grade**
  ---------------------------------------------------------------------- -------------------------------- ----------------------------------- -----------
  **LANGUAGE SKILLS**                                                                                                                         
  **Lower-Level Language: Grammar**                                                                                                           
  CELF-4 word structure                                                  G                                D                                   PK,K,1-3
  CELF-4 recalling sentences                                             G                                D                                   PK,K,1-3
  TEGI screener                                                          G                                D                                   PK, K
  TROG-2                                                                 G                                D                                   PK,K,1-3
  TNL-5 story retell                                                     G                                D                                   PK,K,1-3
  Morphological lexical judgment                                         G                                D                                   PK,K
  Wagner morphological derivation task                                   G                                D                                   K,1-3
  **Lower-Level Language: Vocabulary**                                                                                                        
  PPVT-4                                                                 G                                D                                   PK,K,1-3
  EVT-2                                                                  G                                D                                   PK,K,1-3
  CELF-4 word classes                                                    G                                D                                   PK,K,1-3
  TNL- number of different words                                         G                                D                                   PK,K,1-3
  **Higher-Level Language**                                                                                                                   
  Inference making stories                                               E                                D                                   PK,K,1-3
  Comprehension monitoring: knowledge violations                         E                                D                                   PK,K
  Comprehension monitoring: inconsistencies                              E                                D                                   PK,K,1-3
  TNL episodic analysis                                                  G                                D                                   PK,K,1-3
  Narrative structure task---picture arrangement                         E                                D                                   PK,K,1
  Narrative structure task---sentence arrangement                        E                                D                                   2-3
  **LISTENING AND READING COMPREHENSION**                                                                                                     
  **Listening Comprehension**                                                                                                                 
  CELF 4 understanding spoken paragraphs                                 G                                D                                   PK,K,1-3
  TNL Receptive                                                          G                                D                                   PK,K,1-3
  Listening comprehension measure                                        G                                D                                   PK,K,1-3
  **Reading comprehension**                                                                                                                   
  GMRT                                                                   G                                D                                   1-3
  Reading comprehension measure                                          G                                D                                   1-3
  WRMT- passage comprehension                                            G                                D                                   1-3
  **WORKING MEMORY AND RELATED COGNITIVE PROCESSES**                                                                                          
  **Working Memory**                                                                                                                          
  Non-word repetition task                                               E                                D                                   PK,K,1-3
  WJ-III NU numbers reversed                                             G                                D                                   1-3
  Updating task                                                          E                                D                                   PK,K,1-3
  WJ-III NU auditory memory                                              G                                D                                   PK,K,1-3
  **Serial Rapid Naming**                                                                                                                     
  CELF-4 rapid automatic naming                                          G                                D                                   PK,K,1-3
  **Non-verbal Reasoning**                                                                                                                    
  KBIT 2                                                                 G                                D                                   PK,K,1-3
  **DECODING ABILITIES AND READING PRECURSORS**                                                                                               
  **Decoding**                                                                                                                                
  WRMT---word ID                                                         G                                D                                   K, 1-3
  WRMT---word attack                                                     G                                D                                   K, 1-3
  TOWRE-2---phonetic decoding/sight                                      G                                D                                   K, 1-3
  FAIR--- oral reading fluency                                           G                                D                                   1-3
  **Phonological Awareness**                                                                                                                  
  TOPEL---phonological awareness                                         G                                D                                   PK,K
  **Print Knowledge**                                                                                                                         
  TOPEL---print knowledge                                                G                                D                                   PK,K
  WRMT---letter ID                                                       G                                D                                   PK,K
  **BEHAVIORAL REGULATION AND READING MOTIVATION**                                                                                            
  Elementary reading attitude survey (ERAS)                              G                                D                                   1-3
  Preschool reading attitude survey (PRAS)                               G                                D                                   PK,K
  Social skills improvement system (SSIS)                                G                                I                                   PK,K,1-3
  Strengths and weaknesses of ADHD-symptoms and normal behavior (SWAN)   G                                I                                   PK,K,1-3
  Preschool learning behaviors scale (PLBS)                              G                                I                                   PK
  Learning behaviors scale (LBS)                                         G                                I                                   K,1-3
  **ENVIRONMENTAL ATTRIBUTES**                                                                                                                
  **Home Attributes**                                                                                                                         
  Home literacy environment                                              G                                I                                   PK,K,1-3
  Parent reading belief inventory                                        G                                I                                   
  Confusion, hubbub, and order scale (CHAOS)                             G                                I                                   PK,K,1-3
  Child sleep habits                                                     G                                I                                   
  **Classroom Attributes**                                                                                                                    
  CLASS                                                                  G                                O                                   PK,K,1-3
  ISI                                                                    G                                O                                   PK,K,1-3
  CLOP/ CLEP                                                             E                                O                                   PK,K,1-3
  **Teacher Attributes**                                                                                                                      
  Teacher self-efficacy scale                                            G                                I                                   PK,K,1-3
  Sense of School community                                              G                                I                                   PK,K,1-3
  Modernity scale                                                        G                                I                                   PK,K,1-3
  Teaching beliefs and learning styles                                   G                                I                                   PK,K,1-3
  Teacher professional development                                       G                                I                                   PK,K,1-3

*G, generalizable; E, experimental; D, direct; I, indirect; O, observational; PK, preschool; K, Kindergarten; 1-3, Grades 1-3. CELF-4, Clinical Evaluation of Language Fundamentals---Fourth Edition (Semel et al., [@B45]); TEGI, Test of Early Grammatical Impairment (Rice and Wexler, [@B43]); TROG-2, Test for Reception of Grammar---Second Edition (Bishop, [@B4]); TNL, Test of Narrative Language (Gillam and Pearson, [@B16]); PPVT, Peabody Picture Vocabulary Test (Dunn and Dunn, [@B13]); EVT-2, Expressive Vocabulary Test---Second Edition (Williams, [@B54]); GMRT, Gates McGinite Reading Test (Gates and McGinitie, [@B15]); WRMT, Woodcock Reading Mastery Test---Revised (Woodcock, [@B55]); WJ-III NU (Woodcock et al., [@B56]); KBIT, Kaufman Brief Intelligence Test---Second Edition (Kaufman and Kaufman, [@B23]); TOWRE, Test of Word Reading Efficiency (Torgesen et al., [@B50]); FAIR, Florida Assessment for Instruction in Reading (State of Florida Department of Education, [@B47]); TOPEL, Test of Preschool Early Literacy (Lonigan et al., [@B29]); CLASS, Classroom Assessment and Scoring System (Pianta et al., [@B40]); ISI, Individualizing Student Instruction Classroom Observation System (Connor et al., [@B8]); CLOP, Classroom Literacy Observation Profile (Children\'s Learning Research Collaborative, 2008); CLEP, Classroom Literacy Environment Profile (Wolfersberger et al., [@B57])*.

Direct measures
---------------

Direct measures were those administered by research staff directly to child participants (in Table [5](#T5){ref-type="table"}, these measures are indicated with a "D" in column 3). Only measures that were relevant to LARRC\'s major aims and that had a reasonable administration time (approximately 25 min or less) were directly administered to children. Many of the direct measures were standardized, psychometrically validated measures that have been used extensively in previous research (e.g., Peabody Picture Vocabulary Test; Dunn and Dunn, [@B13]; Gates-McGinitie Reading Comprehension Test; Gates and McGinitie, [@B15]). To maintain consistency across grades and to adhere to manageable administration times for children, a few of these measures had to be modified. For example, the Word Structure subtest of the Clinical Evaluation of Language Fundamentals---4th edition (CELF-4; Semel et al., [@B45]), developed for assessing grammar in children in grades K and higher, was also administered to PK children to preserve continuity. Administration was modified to include a discontinue rule (8 consecutive incorrect responses) to decrease the length of the assessment and potential frustration for these young children, and the psychometric properties of the subtest were rigorously examined to ensure validity and reliability of scores for this age group.

Some measures of listening and reading comprehension, the Qualitative Reading Inventory (QRI; Leslie and Caldwell, [@B28]), CELF-4 Understanding Spoken Paragraphs (Semel et al., [@B45]), and Test of Narrative Language (TNL; Gillam and Pearson, [@B16]), were also modified to ensure consistency across grades. For the CELF-4 Understanding Spoken Paragraphs and QRI (both Reading and Listening subtests), administration time, appropriateness of content, and consistency were improved by pre-selecting a small number of assessment items that were administered to all children in a given grade, rather than utilizing different start points based on age and continuing to administer multiple items until a discontinue rule was reached. New items had to be written for both measures to ensure appropriateness for the PK children and to ensure that all children received items based on both narrative and expository text. It should be noted that in order to differentiate our adaptation of the QRI from the original measure, we referred our modified versions as the Reading Comprehension Measure (RCM) and Listening Comprehension Measure (LCM). For the TNL, the only modifications were that children were asked to complete a retell (subtest 5) prior to answering comprehension questions about the same item and PK children also completed this task, despite its age range of 5-years and older.

The limited availability of established measures for certain study constructs necessitated development of additional custom, experimental measures to directly assess children\'s skills. Experimental measures were particularly necessary to assess higher-level language skills, including inferencing, comprehension monitoring, and knowledge of narrative structure. The five measures created to assess these constructs were developed by a LARRC researcher (Cain) with considerable expertise in these areas. Each measure was adapted from prototypes available in the literature (e.g., Nezworski et al., [@B34]; Stein and Glenn, [@B48]; Fitzgerald and Spiegel, [@B14]; Baker, [@B2]; Yuill and Joscelyne, [@B59]; Wechsler, [@B53]; Cain and Oakhill, [@B6], [@B7]; Oakhill and Cain, [@B36]) that showed at least preliminary evidence of validity and reliability. Two additional experimental measures of working memory, the Non-word Repetition Task (created by LARRC researchers Hogan, Gray, and Brinkley) and Memory Updating Task (adapted by LARRC researchers Cain and Hogan from Belacchi et al., [@B3]), were similarly developed. All final measures were aligned with our guiding principles, reviewed by LARRC methodologists and statisticians, and subjected to rigorous psychometric testing and review. For the majority of modified measures, psychometric review led us to conclude that the measures were psychometrically sound. In the absence of adequate psychometric characteristics, the measure was no longer used in analyses.

Indirect measures
-----------------

In order to assess other constructs that were of interest but not of primary study relevance, we used indirect measures (in Table [5](#T5){ref-type="table"}, these measures are indicated with an "I" in column 3). Indirect measures were surveys or questionnaires that were completed by the child\'s family or teacher. Children\'s caregivers and/or teachers reported information concerning children\'s behavior regulation skills, reading motivation, learning behaviors, sleep habits, and home environments, and also provided additional demographic and background information (e.g., age, race, socioeconomic status, disability status, English-language learner status). In addition, teachers completed indirect measures to report on their own demographics and backgrounds, along with a number of additional attributes such as their sense of self-efficacy and teaching beliefs. Using questionnaires, teachers self-reported many attributes of their schools and classrooms (e.g., half-day vs. full-day program, class enrollment, language(s) of instruction, curriculum).

Observational measures
----------------------

Observational measures allowed for our team to examine classroom-related constructs that may contribute to the language and reading skills of children (in Table [5](#T5){ref-type="table"}, these measures are indicated with an "O" in column 3). We conducted annual live and/or videotaped classroom observations for the PK cohort of children only, as these are the only children who participated in the full 5 years of the study. Classroom observations were used to assess (a) the classroom literacy environment via the Classroom Literacy Observation Profile (CLOP) in PK and K, which was loosely adapted from the Early Language and Literacy Classroom Observation Toolkit (Smith and Dickinson, [@B46])and the Classroom Literacy Environment Profile (CLEP; Wolfersberger et al., [@B57]) for G1-G3, (b) the amounts and types of language and literacy instruction provided via an adaptation of the Individualizing Student Instruction Classroom Observation System (ISI; Connor et al., [@B8]), and (c) the quality of instructional support, emotional support, and classroom organization via the Classroom Assessment Scoring System (CLASS; Pianta et al., [@B40]). These observational data provide rich information about the learning contexts experienced by children.

Lessons learned
---------------

As will be discussed in the next two steps, this large number of measures created a substantial need for consistent training of assessors (Step 6). In addition, our team had to be creative with respect to how these many assessments could be administered to children without fatigue, attrition, or scheduling difficulties (Step 7). We were also incredibly grateful to have our methodologists on board as investigators who could do some "heavy lifting" for our psychometric reviews. Our methodologists also helped to ensure that we were using the appropriate number of measures to capture a latent variable. Consistent with the recommendations in American Educational Research Association, American Psychological Association, and National Council on Measurement in Education ([@B1]), the use of multiple measures enhances the construct validity of the underlying attribute being examined. Rather than rely on a single measure of an attribute, information derived on several related measures or indicators of that construct allows for recognition of normal variation of an indicator and a more defensible conclusion regarding the reliability of that construct (Hancock and Mueller, [@B18]). Each measure necessarily contributes to the overall assessment of the construct. Additionally, the inclusion of multiple measures strengthens our longitudinal component, and will allow us to assess and test for longitudinal invariance across the set of indicators for a construct, which is not possible if only a single measure is collected. Thus, we recommend including multiple measures of a construct where ever possible, and in particular for those constructs of primary relevance to the study. In our case these were measures relevant to language development (i.e., vocabulary, grammar, higher-level language skills) and reading comprehension.

Step six: Train assessors and develop data collection procedures {#s6}
================================================================

Organization and standardization of assessor training and data collection was particularly important for the LARRC study given the large number of assessments and geographic dispersion of assessors across four states. A number of organizational steps were undertaken to ensure that the data collected by assessors was of the highest quality. First, all four data collection sites were assigned ownership of particular measures. Measures were systematically assigned based on the relevant expertise of site researchers (e.g., particular site researchers may have used certain measures for previous studies and thus would be able to provide appropriate guidance on the administration and scoring of those measures). The assigned LARRC site used project-wide standardized templates to prepare the administration protocol, scoring protocol, and training materials for the measure. For established measures, the content of these materials adhered to the measure\'s administration and scoring manual. All materials were reviewed by other LARRC researchers, including methodologists and statisticians, as a means of quality control. The site was also responsible for answering and documenting any questions on measure administration or scoring as these arose, and for post-scoring relevant measures (see Step 8). Second, efforts were made to deliver the majority of assessor training materials uniformly online (e.g., narrated PowerPoint presentations, video exemplars, and online quizzes) to ensure that all assessors received the same training. All training materials were uploaded to our centralized project website and thus accessible to trainers and assessors regardless of location. Third, measures were divided into 11 blocks of approximately equivalent administration time. This decision was practical in nature as it allowed for assessors to specialize in the administration of one or more blocks without training on an overwhelming number of measures.

Assessor training
-----------------

Assessors completed training on every measure within their assigned block(s). Assessors underwent comprehensive measurement training and in-lab observations to ensure consistent measurement administration and fidelity. They first completed Human Subjects Protections training provided by the Institutional Review Boards at their respective universities. Next they downloaded and viewed the LARRC General Field Assessor Training presentation, which was a narrated PowerPoint that provided an overview of LARRC policies and procedures regarding professionalism, the assessment environment, assessment in school contexts, establishment of rapport, provision of encouragement/feedback, and child assent, along with basics of assessment administration and recording. Subsequently assessors completed standardized training specific to each measure within their assigned block(s), each of which was organized as a separate, self-study module. All sites had research staff who went through the training first to become reliable. These reliable research staff members then participated in mock assessment administrations with all subsequent assessors.

Training for direct measures
----------------------------

For the direct child measures, each training module began with a narrated PowerPoint presentation and administration video example. These materials provided an overview of the measure\'s purpose, administration, and scoring. Trainees then reviewed the administration and scoring protocols for the measure. Upon completion of these self-study activities, trainees took an online quiz. A process of self-study and quizzing repeated until a score of 100% was achieved. Next, trainees completed two mock administrations with a reliable research staff member at their respective universities. During these mock administrations, the research staff member responded to the trainee\'s administration of the measure using a standardized script and also provided feedback regarding administration. In addition, the research staff member scored the trainee\'s adherence to the administration and scoring protocols using a fidelity checklist designed for that measure. Fidelity of 90% or better was necessary for assessors to administer measures to children participating in the LARRC study. Psychometric testing indicated that these training procedures, as implemented in conjunction with data collection and scoring procedures described in steps 7 and 8 below, resulted in a project-wide dataset that was valid and reliable. For example, internal consistency as measured by Cronbach\'s ([@B10]) alpha coefficients ranged from 0.80 to 0.88 across sites for the TNL and 0.69 to 0.82 for the LCM (see Table [6](#T6){ref-type="table"}). Moreover, interrater reliability for these two select measures was 0.96 and 0.98, respectively.

###### 

**Cronbach\'s alpha reliability information for one standardized and one experimental direct child measure**.

                  **Test of narrative language**   **Listening comprehension measure**
  --------------- -------------------------------- -------------------------------------
  **SITE**                                         
  OSU             0.88                             0.82
  KU              0.8                              0.69
  UNL             0.83                             0.74
  ASU             0.86                             0.77
  Overall alpha   0.87                             0.78
  ICC             0.98                             0.96

Training for observational measures
-----------------------------------

Recall that LARRC employed four observational measures, defined above: CLOP, CLEP, CLASS, and ISI. Training modules differed slightly for these observational measures. All assessors received the Human Subjects Protections and LARRC general field assessor training. For the CLOP and CLEP measures, trainees were required to visit three classrooms with an experienced research staff member to establish inter-rater agreement on the CLOP (for PK and K classrooms) and/ or CLEP (for G1-G3 classrooms). Trainees and the experienced research staff member visited each of the classrooms together and spent 15 min individually completing the CLOP and/ or CLEP for each classroom. Following the three observations, agreement between the experienced research staff member and each trainee was calculated for each item of the CLOP and/ or CLEP. Trainees had to demonstrate 90% agreement with the experienced research staff member to complete classroom observations and the CLOP and/ or CLEP independently in the field.

Training on the two other classroom measures, the ISI (Connor et al., [@B8]) Coding System and CLASS (Pianta et al., [@B40]), differed substantially. Both of these measures involved coding from video and both were assigned to the same LARRC university site whose researchers held the requisite expertise required for coding reliability. ISI coders also received training prior to beginning video observation coding. The training included reading of the ISI Coding Manual, watching a PowerPoint presentation, coding along with the trainer, and individual coding of previously master-coded videos. Coders were required to attain an intraclass correlation (ICC) of 0.70 to become a reliable ISI coder. To maintain reliability, on an annual basis coders were required to view an online PowerPoint refresher and to independently code 30--45 min portions of three master-coded videos. Again, coders were required to attain an ICC of 0.70 to maintain their status as a reliable ISI coder. In addition, coders met bimonthly to conduct a drift check to decrease potential threats to inter-rater reliability. Across all years of the LARRC study, all ISI coding was completed by staff at the assigned site to ensure consistency and high reliability.

For similar reasons, CLASS was also only initially coded by staff at this same site (i.e., in Years 1 and 2). All coders completed a training course on the CLASS system that was delivered by a CLASS-certified trainer. All coders passed the standard benchmark to be considered a CLASS-reliable coder, which is 80% scoring agreement with five master-coded observations (calculated as total agreement across all 10 scales of the CLASS across all five observations) and agreement on any particular CLASS dimension on at least two out of five of the master-coded observations. Agreement was defined as a score within one point of the master code. CLASS coders were required to complete a recertification test each year by coding five video observations and meeting the same benchmark as the initial test. During the coding of a cohort, coders met monthly to code and discuss an observation to prevent scoring drift.

In Years 3 through 5, study protocol was altered such that assessors across all sites were trained to use the CLASS. Specifically, as the PK cohort of children dispersed into more elementary school classrooms with greater numbers of peers who were not necessarily participating in the LARRC study, teachers were often reluctant to allow their classrooms to be videotaped. In cases in which videotaping was refused, teachers were given the option of participating in live, non-videotaped classroom observations during which the CLOP and/ or CLEP and CLASS could be completed. To complete the latter, assessors at each site were trained to complete the CLASS, with the certified CLASS trainer traveling to each LARRC university to deliver the training described above. Drift checks were completed by posting video segments to the project\'s secure website, which were coded and discussed by assessors at all sites. Videotaped observations continued to be coded by the assigned site following the same procedures described for Years 1 and 2. During each year of data collection and coding, appropriate steps were taken to ensure the reliability of all video coding.

Lessons learned
---------------

The blocked administration of assessments led to substantial ease of assessor training and scheduling. It truly allowed for assessors to specialize in a smaller number of measures to administer. We believe that this improved the quality of their data collection, though we did not empirically measure that. For scheduling purposes, it was also useful to examine which blocks of measures a participant still needed and work with a smaller number of assessors who could administer that block. Flexibility when working across sites was imperative given that each site had to function as its own entity while still maintaining the integrity of the project and relevant protocols. For example, one site implemented Saturday data collection, whereas other sites went into schools only during the school week.

Step seven: Commence data collection {#s7}
====================================

Data collection occurred on an annual basis each spring and was conducted by the four LARRC sites who recruited participants. Similar to assessor training, most data collection procedures were standardized across the four universities. These included using the same measures, the same assessment window (i.e., time period during which data was collected), and the same administration and scoring procedures. Any procedural issues or discrepancies were reviewed weekly during a project director conference call and, if needed, were taken to the larger Study 1 committee for review and approval. This oversight and communication process, outlined in **Figure 2**, supported standardization across sites. Project-specific response forms were created using a commercially-available data electronic data capture system, which is described in Step 9. For published measures, permission was obtained to adapt the response forms to this format.

Direct measures
---------------

All children were assessed annually during a 20-week window (January--May). As discussed, assessments were divided into 11 blocks. These blocks were approximately equivalent in terms of administration time and also structured to meet particular assessment needs. For instance, some assessments needed to be administered in a particular order (e.g., the Peabody Picture Vocabulary Test was administered immediately preceding the Expressive Vocabulary Test); others required audio-recording to ensure scoring accuracy (see Step 8) and these measures were grouped together. Measures within blocks were administered in a predetermined, set order. The ordering of administration blocks, however, was not set. This allowed sites flexibility in terms of logistics and scheduling and also helped to reduce any potential bias due to order effects. Response forms for each measure were prepopulated with the child\'s LARRC identification numbers and assessment block number. Each block was labeled with a cover sheet indicating the child\'s name, his or her teacher\'s name, and school. This cover page was removed and destroyed prior to data entry.

Indirect measures
-----------------

Caregivers completed two questionnaires. In year 1, caregivers first completed a brief screening questionnaire that accompanied the consent form. This screening questionnaire provided very basic information pertaining to children\'s eligibility for the study. In year 1 and each subsequent year of the study, caregivers also completed a more comprehensive questionnaire during each annual assessment window. This questionnaire included the indirect measures listed in Table [5](#T5){ref-type="table"}. In a given year, the same questionnaire was completed by caregivers of all children, regardless of grade. The content of the questionnaire was reduced each year to decrease collection of redundant information.

Children\'s teachers completed three types of questionnaires. In year 1 of the study, teachers of consented children completed a screening questionnaire used to determine children\'s eligibility to participate in the study. In the spring of year 1 and each subsequent spring, teachers of enrolled participants completed a demographic and background questionnaire about themselves. This questionnaire included measures of teacher attributes listed in Table [5](#T5){ref-type="table"}. Questions differed slightly for PK and elementary teachers. In the spring of year 1 and each subsequent spring, teachers also completed a questionnaire for each child in their classroom enrolled in the LARRC study. This questionnaire included the indirect behavioral regulation and reading motivation measures listed in Table [5](#T5){ref-type="table"}.

Observational measures
----------------------

Videotaped and/or live classroom observations were conducted each year for children who started the study when they were in PK. Thus, this cohort had classroom observations for their PK, K, G1, G2, and G3 years. Observations in the PK year were completed when the classroom teacher was conducting "instructional time." In subsequent grades, observations were completed during the classroom language and literacy block. All observations lasted a minimum of 80 min. As previously described, in Years 1 and 2 all observations were videotaped. Videotaped classroom observations followed procedures similar to those reported in the literature (Connor et al., [@B8],[@B9]; Piasta et al., [@B41], [@B42]; Yeager Pelatti et al., [@B58]).

Lessons learned
---------------

Three primary lessons came from the data collection process. First, it was imperative to have clear, consistent, and detailed training materials for administration and scoring of all measures. Second, these training materials were well-tested in advance of actual data collection. This ensured that we had checked for errors or inconsistencies across documents. Finally, we learned after year 1 to implement careful "recalibration" of all trained assessors to ensure that fidelity was maintained each year. In particular, measures that were more complicated to administer had several errors found only during data processing (Step 9). However, our strong communication system (Step 10) ensured that all project directors and assessors were immediately made aware of administration and scoring errors.

Step 8: Develop a plan and team for data scoring {#s8}
================================================

Given the multitude of data collected, LARRC utilized a commercially-available data capture system to by-pass hand entry/calculation and some of the human errors that may result from those processes. For certain measures, further scoring was required after collecting the data in the field. Additionally, certain measures required score calculation once scanned data was translated into the larger database. The details of these scoring processes are described below.

Data scoring for post-scored measures
-------------------------------------

A few measures necessitated complex responses on the part of the child and subsequent scoring of children\'s verbal responses. For these measures, children\'s responses were audio-recorded and scored after collection in the field (post-scored) by trained research assistants. If a site was assigned to a post-scored measure, it was responsible for (a) development of all materials and protocols for post-scoring scoring and training of reliable coders, (b) completing post-scoring for relevant measures, and (c) calculating and reporting post-scoring reliability statistics. In the field, assessors completed administration forms ("pre-forms") which sometimes included preliminary scoring. Audio and pre-form data from all sites were transferred to the owning site for post-scoring.

Data scoring across all measures
--------------------------------

As part of the data capture system, computer code was written to automatically calculate raw scores for each measure and allowed for scoring according to basal/ceiling rules provided in scoring manuals when applicable (e.g., the Test of Preschool Early Literacy has a ceiling rule of three incorrect responses in a row; Lonigan et al., [@B29]). Computer code was also written to automatically map raw scores to normative scores provided in scoring manuals (e.g., the Woodcock Reading Mastery Test provides normative scores; Woodcock, [@B55]). Scoring for established measures was determined according to instructions set forth in measure manuals. Scoring for experimental measures was determined through investigation of possible summary scores that would yield reliable results.

Lessons learned
---------------

Throughout the study, several lessons were learned regarding the scoring of data. The first relates to post-scoring procedures. Post-scoring significantly complicated data processing, due primarily to the fact that two sets of forms were scanned and processed for each child. This sometimes led to errors in the database. In addition, post-scoring delayed the release of the data since it required more time for scoring and data cleaning. Two adjustments were made to post-scoring procedures throughout the study. First, a decision was made to discontinue post-scoring for less complex measures once it was determined that field assessors were skilled enough that their on-site scoring was accurate. For example, CELF Understanding Spoken Paragraphs was no longer post-scored after Year 2, and the RCM was no longer postscored after Year 4. Second, in Year 3 we realized that it was not essential for OSU to receive and process pre-forms. We, therefore, discontinued this procedure to minimize the possibility of error related to receiving two sets of data forms. There was a trade-off in that those forms were no longer accessed by and stored at the data hub, but the simplification in procedures was deemed worthwhile. The pre-forms were still sent to the owning site for use in post-scoring as necessary. In sum, simplification of procedures regarding number of forms associated with post-scoring was beneficial.

Another lesson learned relates to the use of missing data codes. It was important to have made clear *a priori* decisions about which types of information we wanted to capture and how that information would be coded. For example, we used -444 for measures that were not supposed to be administered at certain grades, -999 for items or cases that were missing for unknown reasons, and -333 for sum or standard scores that could not be calculated due to too many missing items. This allowed us to keep track of things like correct application of missing data rules and overall levels of unexpected missing data. Standardized missing data codes are therefore beneficial and should be utilized consistently throughout the study.

Step nine: Develop and implement a plan for data management {#s9}
===========================================================

The development and implementation of a strong data management plan was a critical component of the LARRC study. According to Burchinal and Neebe ([@B5]), data management is a crucial component to preservation of data integrity between collection and analysis. The plan addressed personnel, technology, and data processing, all of which were centralized at one site (OSU), which served as the data hub.

Personnel
---------

Two teams were formed at OSU: a technology team and a data team. The technology team was responsible for the implementation of the electronic data capture and processing system, and the data team was responsible for all other aspects of data processing. In addition, teams of investigators and staff from across all five LARRC sites were formed to deal with measurement and data processing issues. These teams met regularly via conference calls.

Technology
----------

A commercially-available data capture system was chosen as the method for data collection and entry in order to reduce manual workload and to minimize data entry errors. Templates were created for each measure, and forms were then prepopulated with relevant information such as child identification number, birthdate, grade, teacher identification number, etc. The prepopulated forms were then made available to sites for download. Assessors completed these forms as they administered the measures, filling in the response bubbles to record child responses. Sites then scanned all forms to the data hub where they were processed. Figure [1](#F1){ref-type="fig"} provides additional details.

![**The process by which data were sent to the primary site (OSU) for cleaning, coding, review, and release**. The process was iterative between the primary site and all other sites in order to obtain accurate identification number lists and ensure that any possible missing data were found prior to site review and use of data for analyses.](fpsyg-07-00419-g0001){#F1}

Data processing
---------------

Data processing involved intake/entry, cleaning, sharing, and merging of data. As previously described, data entry was conducted via each study site scanning electronic response forms to the data system at OSU. Once data were received, they were electronically processed and input to one cohesive database, at which point code was run to calculate scores.

In constructing the multi-site database, measures were investigated for degree of missingness (decisions regarding treatment of missing data are decided during analysis, and thus are not part of the data processing methods). Measures were deemed to have "acceptable" levels of missing data when data for less than 1% of the participants were missing for unknown reasons (vs. participants missing data due to incorrect score calculation). A cut point of 1% was determined to be acceptable as it is a minimal amount of missing data and allowed for a certain level of error, which is to be expected. Data for measures with acceptable levels of missing scores were then exported into a statistics software package. For measures with greater than 1% missing, sites were provided with lists of missing identification numbers and asked to verify and (re)scan those forms.

The next step in data processing was rigorous data cleaning. Datasets for every measure underwent a thorough, multi-step process of cleaning to reduce error as much as possible. Figure [1](#F1){ref-type="fig"} provides the specific steps involved in this process. First, the electronic data system includes a step for verification of data in which any questionable items were checked (e.g., responses that were not filled in clearly on the response form). Next, a research assistant conducted a preliminary audit of the dataset, including random checks to ensure that data on the response forms matched what was in the dataset. Then the dataset received a more thorough cleaning by another member of the data team. Checks were conducted for errors at all steps in the process, including errors in test administration, completion of response forms (e.g., responses not filled in correctly or too faintly for the scanner to read it accurately), and coding. For example, checks were conducted for accuracy of score calculations (including total scores, subscales, and standard scores); accuracy of basal/ceiling rules; unexpected data patterns including missing items; use of correct missing data codes; examination of outliers; and additional comparisons between data on a random selection of the response forms and the dataset. When errors were found, the details were communicated to the technology team to be fixed. Then the next round of cleaning the dataset began. This iterative process continued until no errors were observed. A final check of each dataset was conducted by the owning site before it was approved for use.

Throughout data processing, detailed codebooks were created to serve four purposes: (a) provide information about the measures (e.g., reason for measure selection, description of the measure), (b) record reliability and validity details, (c) provide variable names and details (i.e., a data dictionary), and (d) track changes and decisions related to the measure and its data. Codebooks were prepared by the owning site following a standardized project-wide protocol and accessed by all investigators via the secured study Sharepoint. These codebooks are described further in Step 10.

Lessons learned
---------------

Data management proved to be even more complex than anticipated. We continually refined and improved our processes throughout the study as we encountered problems or inefficiencies. We learned that the prepopulation of data forms with pertinent identifying information was essential for reducing error, and that this information should include the timepoint. Because this was a longitudinal study and data were collected across multiple sites, maintaining master ID lists and tracking changes in participants across timepoints was challenging. We learned to follow up with sites each year to verify and update the lists and we implemented a system for tracking participants who dropped from the study. Also related to monitoring activities across sites, we learned that assessment fidelity checks and communication about errors in test administration, discovered during data cleaning, were essential. If a particular type of administration error was discovered, this could be conveyed to sites and resolved prior to the next year of data collection.

Step 10: Prepare for frequent and thorough communication, flexibility, and challenges {#s10}
=====================================================================================

When designing and implementing the steps necessary to enact a longitudinal study, the LARRC team found it was imperative to prepare for frequent and thorough communication amongst partners, flexibility in decision making, and responsiveness to challenges. As mentioned above, teams of LARRC investigators implemented communication strategies through meeting regularly in person and several times weekly via conference call to discuss and make decisions regarding measurement and data processing issues (see Figure [2](#F2){ref-type="fig"}). In retrospect, this was considered by LARRC team members as one of the most crucial factors to the success of this project.

![**Oversight and communication structure to support LARRC study 1 cross-site implementation**. Note that the data management team was comprised of both technology and data team members.](fpsyg-07-00419-g0002){#F2}

Conclusion {#s11}
==========

In sum, multi-site, multi-grade longitudinal studies are complex endeavors. We believe that the enumerated steps, together with an appreciation for frequent communication and ability to flexibly respond to challenges, resulted in the successful execution of the LARRC study. Throughout the project, we capitalized on best research practices and the collective experiences and knowledge of our team to design and implement a large-scale study that met our goal of conducting rigorous research and ensuring data integrity across multiple field-based sites. Ultimately, because of the care and effort put into study design and execution, this work will contribute important empirical insights into how reading comprehension develops in the early grades, and some initial reports of findings are already available (see Language and Reading Research Consortium (LARRC), [@B26],[@B25], in review). Through dissemination of our design strategies and articulation of lessons learned, we hope that research teams embarking on similar endeavors can be better equipped to anticipate the challenges of large-scale, multiple site project design, data collection, and management needs.
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